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@ The experimental apparatuses:
+ the Tevatron accelerator,
+ the CDF and D@ detectors.

@ Previous experimental information on the
Standard Model Higgs.

@ Standard Model Higgs production at the
Tevatron and decay modes.

@ Experimental strategy and tools:
+ reconstructed objects;
+ jet b-tagging;
+ multivariate techniques.

@ CDF and D@ results (I will focus on the most
recent ones, which use up to 5 flo-! of data).

@ Combined upper limits on the production
cross-sections and projections.

@ Conclusions.
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The Tevatron accelerator B k)
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The CDF and DO detectors

Muon systems

EM and Had

Calorimeters

Solenoid

Tracker

Silicon Vertex Detector
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Current information on the SM Higgs

@ | EP direct searches for a Standard Model Higgs boson:
M, > 114.4 Gev/c? at 95% C.L.

http://lepewwg.web.cern.ch/LEPEWWG

@ [ndirect SM constraints and global EWK fits seem to prefer a light Higgs boson:
M, < 157 GeV/c? at 95% C.L.
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@ CDF and D@ are pursuing a direct search for a SM Higgs over a wide mass range:
100 < M, < 200 GeV/c?.
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@ Dominant Standard Model Higgs boson production channels at 1.96 TeV:

gg Fusion _ Higgs-Strahlung WZ Fusion

--------- H
4
=R EE RN ] » gluon-gluon fusion:
10°F . Tev I | ,
o(ag - Hy = 1.2 pbatM,=115GeV/c
0.39 pb at M, = 165 GeV/c?
P associated production with a vector boson:
— 2
o(aq — WH) = 0.18 pbatM, =115 GeV/c
0.04 pb at M, = 165 GeV/c?
— 2
(@G 7H) = {0.11 ob at M, = 115 GeV/c
0.03 pb at M, = 165 GeV/c?

» vector boson fusion (VBF):

TewdLHC Higgs working group .
l | |

00 T 40 10 180 200 o(qq—>qu)={
M,, [GeV]

0.08 pb at M, =115 GeV/c?
0.04 pb at M, = 165 GeV/c?
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Low mass region

At M, = 115 GeV/c2:
BR(H —bb) =073
BR(H — WW ) = 0.08
BR(H— 1) =0.07

SM Higgs Decays

140 GeV

BR for SM Higgs

High mass region

At M,, = 165 GeV/c2
BR(H — WW ) = 0.96
BR(H—2Z7Z ) =0.02
BR(H—bb) =0.01

Events produced at CDF in1 fb |

0 100 ‘ 200 500
Higgs Mass  (GeV)

1000
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Higgs mass (GeV)
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B i -1,
® 70‘: Expected yields per flo-":
5 60 _data
u':j 5 : channel events @ 115 events @ 165
: WH—¢vbb 28 0.1
: /H—vvbb 16 0.07
: : : ZH—ttbb 5 0.02
== : ZH —>ffbb HoWW— v ey 9 38
P10~720 130 140 150 160 170 180 total 58 38




@ At the Tevatron the Higgs boson production is a very rare process: S/B ~ 1/1019,

@ Difficult but not impossible task: with the current datasets CDF and D@ are already

probing direcftly processes with o ~1 pb. Tevatron Run Il, pp at \'s = 1.96 TeV
210 coF
@ The search strategy is driven by the Higgs £ 103;; .o
boson dominant decay mode; 2 10’ e
. ﬁ % ITheory
» H- bb for M, < 135 GeV/c?: g10°e
* gg—H not viable, overwhelming multijet bkg; "é 10°E
» associated production provides cleaner s 104;_ . .
experimental signatures. 3 ok
= 0F
20 N me
» H—- WW* for M, > 135 GeV/c?: 10 —
» since the leptonic W decays provide clean final 1°§ - ST
states, can take advantage of the more 1 = # 3
abundant gluon-gluon fusion production. [ S S S N— — S S N—|

|
Vers Heavyw 2 W & Wy & Wt 2> H, Wy,

Fy 2 Vor

@ |n order to reach the needed sensitivity as many search channels as possible
are covered and CDF and D@ results are combined.

M, =160

@ To better characterize the backgrounds and increase the S/B discriminating power
each channel is further divided in “subb-channels” that are analised separately.
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CDF muon coverage

@ | eptons, jets and missing transverse energy are

|_n-¢ distribution for muons |

h_etaphi_Trk

the main ingredients of the Higgs searches. ® g
@ | eptons: 1_
» sfandard muons and electrons; of-

» additional looser categories for y and e extend  .f
the detector coverage and improve the signal
acceptance;

» dedicated algorithms are used to reconstfruct 3
hadronically decaying taus.

@ Jefts:

» reconstructed with cone algorithms;
» jet energy corrected to account for detector effects
clustering algorithm, mulfiple inferactions, ...

@ Missing fransverse energy (MET):

» defined as an imbalance of the energy
deposited in the calorimeters;
» accounts for neutrinos that escape detection.

L

Electron ¢

Entries 31467
Mean x -0.004137
Meany 0.007322
RMS x 0.907
RMS y 1.821

Muons

B Tk
CMIOCES

[ CMIOPES
CMUP

[l cvix
CMXMsKs

i cmu

Ecve

B smu

3

Electron 1|

n =-logtan 9/2
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Jet b-tagging

@ |n low mass searches an essential tool 1o enhance S/B is to identify the b jets (b-tagging).

@ B-tagging techniques exploit the peculiarities of b quarks:
relafively long lifetime, high mass, and soft lepton decays.

Jet

Displaced tracks

@ Main b-tagging algorithms used in CDF and D@ analyses:

Decay lifetime -
y ny/ 7 ,Secondary vertex

» jet probability, based on frack impact parameters, primary vertex .~/
for jets to originate from the interaction point; 9;0\/
» reconsfruction inside jets of secondary vertices, Promp.tracks

displaced from the interaction point.
» arfificial neural networks which exploit a full set of
jet variables.

|
D||1|

CDF displaced secondary vertex tagger

—
X
S
SecVix Tag Efficiency for Top b-Jets SecVix Mistag Rate a
0o 0.06———— 1 & b
0.6} B Loose SecVix B Loose Secvix | @ 60'_
) 0.05 1 v
I Tight SecVtx | I Tight Secvix | ©Q r
0.5¢ 1 o.04 | & 50
0.4} TR D@ jet prob. and
0.03} ] L
0.3} | @ 40F NN taggers:
i 1 Fo
o2l 0.02 | A NN
0.11 0.01f « ‘ 30:_ —4-— JLIP
. . . . . . . . ; , ] , , , , , ) , : , ] s vl o ull sl s o ¥ovs T o P e T g v
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Multivariate techniques

@ Both experiments use advanced multivariate techniques, which combine information
from kinematical, event global and parficle idenfification variables, to enhance the
signal/background discrimination:

» Arfificial neural » Boosted Decision » Matrix Element (ME):
networks (NN) Trees (BDT) + calculates event probability
1 - . intfegrating the LO matrix elements.
nput Tidden utput
layer layer layer
Input #1 — Q - y x Detector response
NS4 @ (Transfer function)
Input #2 — N : g = = 00 hs.4;(¥) ’_b
5 X Q _ Output V\P IiA\P do(7) = Z]dy X o7 x W(Z,y) x
Input #3 ! —\'\_ 7 1] ~ ~ ~ q_J
o : ‘ ) p.a.f ME Parton level cut
Input #4 — N\ /\ /\ /\
@
single variable discriminant neural-network output
CDF Run Il Preliminary .[L=4'8 b’ CDF Run Il Preliminary J-L= 481fb"
g - OS 0 Jets W-jets 8 - OS 0 Jets, High S/B W
2 140} - 160 Geviec? O S 80} M, = 165 GeV/c? m:
‘2 - -:/tvz 2 70E =
g 1200 kgroun s e
o f backgrounds + ov 2 eof backgrounds Ol
100 Oww - ~paa
- —HWW x 10 50F
80— - Data
C 40
60—
C 30
402_ 200
20 — 102—
% 0.5 1 15 2 2.5 _3I O 08 o4 07 s o o4 o5 0
Ap(Il) NN Output
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Low mass searches

@ Main searches in the low mass range:
» WH - ¢£vbb
+» experimental signafure: an energetic lepton, large

missing energy and two jefs;
¥ the best compromise between signal yield and

bbackground level.

» /H— ¢tbb
¥ |looks for fwo leptons and two jets;
+ the cleanest mode, but suffers from low statistics;

» /H— vvbb
+ two jets and missing energy;
¥ good signal acceptance, huge multijet backgrounds.

@ A benchmark analysis will be WZ — €vbb.
CDF's WW/W/Z — tvjj measurement

3 78 — Data (3.91b™) 8 I
= ol %% EWK+QCD = |
1500 I -WW/WZ | —— Bkg S (3.91b7)
;_ : ST - — Flt 200 I _‘ TI‘I } —— MC expectation
1000} ’ W
; - i ,|,
_ - - 1 }
o J( T 4T
100 150 200

200 50
M GeV/c? M, GeV/c?
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» Event selection:

+ one high momentum lepton [f=e,u| + missing fransverse
energy + two or three jefs.

» Analysis fechnigue:

+ eight sub-samples: u or e, fwo or three jets, one tight
b-tagged or two loose b-tagged jets (NN b-tagging);

+ NNs fo separate signal from bkg in W+2 jets samples;

+ dijet invariant mass as discriminant in the W+3 jets samples.

(2] E - )
8 g D2 Preliminary W+2jet/2blag § 70-DQ Preliminary W+ 3jet/ 2 bitag
@ T F L=5.0fb" I Waet W L=5.01b I Wojet
I Multi Jet 60:— I Multi Jet
- Dwobice . | En\l_VbB/cE
10° E m g—top 50 :— T m s-'top
C [ Diboson - [CIDiboson
- WH C —\WH

115 GeV (x10

115 GeV (x10

10°E

10

50 100 150 200 250 300 350 400
Dijet Mass (GeV)

02 0 02 04 06 08 1 12
Neural Net output

http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/HIGGS/H78/

channel W+2j/2btag W + 3j/2btag
W/Z + bb 293 39
Tt 201 182
single t 55 12
WW,WZ,272 22 2
W/Z + jets 101 17
multijet 48 14
WH (M;=115) 6.5 0.8
Tot bkg 720 267
data 707 305

For M, =115 GeV/c?

+ expected Iimit =35.1 X oy,
+ observed limit = 6.9 X og,

CDF result

ForM, =115 GeV/c?

+ expected limit = 4.0 X og,
+ Observed limit =5.3 X og,

M. Casarsa
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» Event selection:

» Analysis fechnigue:

Number of Events

Number of Events

CDF Run Il Preliminary (4.1 fb™

80 Single T Tag (High S/B) ¢ data W wwwzzz
70 |:| My, = 120 GeV/el x 150 E :I:(::s S :akcs
60 Oz+ee uncertainty
50
40
30
1031 “ T
o

0 0.2 0.4 0.6 0.8 1
NN Qutput 10% Slice

CDF Run Il Preliminary (4.1 fb™

. Double T Tag (High S/B) ® data [l WWWZZZ
573 ] mistags [ ] Fakes
] I:I M,, = 120 GeVie x 25 Wzoow Qe

4': |:| Z +cc uncertainty

0 0.2 0.4 0.6 0.8 1
NN Output 10% Slice

+ a /Z candidate decaying to ee or uu + at least 2 jets.

+» jets corrected for missing energy to improve I\/IJ,J, resolution;

+ 6 sub-samples based on Z rec. quality and b-tagging type
+ Matrix Elements and NN for event selection.

'
’

channel singletag double tag
t 17 7

WW Wz, 77 16 2.8

Z + bb 1056 16
Z+cc 54 1.8
Z+mistags 153 0.9
fakes 22 0.7

ZH (M, =120) 1.4 0.5

Tot bkg 367 29
data 406 23

http://www-cdf.fnal.gov/physics/new/hdg/results/zhlibbb_090724/PAGE/index.htm

M. Casarsa

Number of Events
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D@ result

CDF Run Il Preliminary (4.1 fb™

10 Double T Tag o data [ WWWZZZ
] st :
1 [ My = 120 Gevie? x 25 After NN Corr. [ mistags [ ] Fakes
g [ My =120 GeVic* x 25 Before NN Corr. Wz+ob [Ou
[ zZ+cc [F] uncertainty

200 250 300 350
M;; (GeV/c))

ForM,, =115 GeV/c?

+ expected limit = 6.8 X og,
+ Observed limit =5.9 X og,

For M, =115 GeV/c?

+ expected limit = 8.0 X oy,
+ observed limit =9.1 X oy,




ZH - vvbb and WH — (£)vbb

» Event selection:

channel 2 tags
¥ missing transverse energy + 2 jets multjet 55
+ sensitive to ZH-vvbb, ZH-(C)blb and WH-(f)vbb. s ”
single
» Analysis fechnique: t 45
+ NN fo remove overwhelming multijet background; Wz °
+ three b-tag categories; Wrbb/ee 8
+ second NN for event selection. Z+bb/ce 18
ZH/WH (M,=115) 3.1
Tot bkg 166
° PreSel, CDF Run Il Preliminary, 3.6 b SR, CDF Run Il Preliminary, 3.6 f5" data 157
S I -+ DATA 8 [
:_,ii 100 Multijet % 451 + Muttijet
g i Diboson E 40 i— Dlboson _ 2.
w aof- o .:,t_h,:;_ w 352_ " For MH =115 GeV/C :
N L - -
e Wl o5t | i + expected limit = 4.2 X og,
- - = VH (x5) , ,
sl + + observed limit =6.1 X og,
20;
- : D@ result (21107
35 -1 -05 ] 1.5 > 45 A4 05 0 05 1 For MH =115 GeV/C2:
SecVTX + SecVTX NNgcp SecVTX + SecVTX NN Discriminant
cut fo reduce +» expected limit = 8.4 X oy,
multijet bkg
+ observed limit =7.5 X og,

http://www-cdf.fnal.gov/physics/new/hdg/results/vhmetblb_090814/
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T*T1°qq final state

» Event selection: 1 muon + 1 tau + 2 jets 9

+» one tau decays to HY, V., the other to hadrons + v_;

¥ sensitive to ZH-ttqq, HZ-TtTtqq, HW-11QQd',
Hag—-Tttqq, gg—H-17 + 2 additional jets. o

» Analysis fechnique:

» no b-tagging, tau selection provides good bkg rejection; (4910 w

+ NN to identify taus;
+ different BDTs to discriminate signal processes from
different background categories.

ForM, =115 GeV/c?

_ D@ Preliminary, L=3.9 fb" channel events ¥ eXpeCTed “mIT - ]59 X O-SM
g 17 — " 0 + observed limit =27.0 X og,
Z 10:_ El\f/“ W + jets 1.2

C B w+jets '

8 5 ;éifon Z +jets 28

63— -+ Signal x 50 WWWZ.2Z 11 CDF result m

. multjet 2.3 For M, =115 GeV/c?

C signal (M,;=115) 0.6

2 E Tof bkg 33 + expected limit = 25 X oy,

79806 -04 -02 0 02 0.4 08 681 dato 37 » observed limit = 31 % Toy

http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/HIGGS/H79/
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» Event selection: 2 leptons [f=e,u| + large missing fransverse energy;

+ also taus decaying to muons or electrons enter the sample;

+ signal acceptance is enhanced by WH, ZH, and VBF production

9
processes.
» Analysis strategy:
+ exploit 2 electron categories, /7 muon categories, and fracks 9

not fiducial neither to the calorimeter nor the muon detectors; v
+ 5 distinct searches on different subsamples to optimize the

signal/lbackground separation;
¥ events with two opposite sign (OS) leptons separated by jet

multiplicity: O jets, 1 jet, 2 or more jets;

# NNs fo discriminate signal from backgrounds.

CDF Run Il Preliminary [L:mm" CDF Run Il Preliminal L=481b" oo e’
§ p OS 1 Jet, High S/B m 8 [0S0 Jets, High s;r; | W 2 30;:2;::22::"“"“ [L_Wi“
~ 30p My =165 GeVic mi S 80f M, = 165 GeV/c? »i S [ o165 Gevic? v
E 25: ‘k EISfr % 70 E 25:_“ gzz
i OS + O JeT ITT" E 60 § - : 9%”

% 50 4w OS + >2jefs =
15[ -

s
(=]

o
-- I\Illlll]ll

1 n— + = -
-1 -08 06 -04 -02 0 02 04 06

08 -06 -04 -0.2 0 02 04 06 08

NN Output

PRI
0.8 1
NN Output

08 -06 -04 -02
NN Output
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» To squeeze every little drop of sensitivity out, CDF uses also
two kinematical regions which do not enter the primary
sample:

Events/ 0.05

+» the kinematical region with M,,<16 GeV/c?;

¥+ two same-sign (SS) leptons + >1 jets, potentially
coming from WH - WWW* and ZH — ZWW*,

M. Casarsa

channel os OS low M,, SS
f 195 03 02 g
Drell-Yan 312 3.6 27 2
ww 594 11 0.04 g
Wz 45 0.3 9
27 40 0.1 2
W+ jets 235 10 34
W + photon 131 56 4
gg—H (M =165) 21.5 0.8
WH  (M,=165) 2.8 - 1.6
H  (My=165) 1.3 - 0.3
VBF  (M,=165) 1.6 -
Tot bkg 1552 81 77
data 1567 85 81

http://www-cdf.fnal.gov/physics/new/hdg/results/hwwmenn_090814/index.htm
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CDF Run Il Preliminary

- OS low M(ll)
141 M, = 165 GeVic®

12

10

08 -06 -04 -02

CDF Run Il Preliminary

1
NN Output

[ L=481b"

251 S5 14 Jets
[ M, = 165 GeV/c’

+» expected limit
» observed limit

SS +>1jets

06 08 1
NN Output

For M, = 165 GeV/c?

1.2 X ogy
1.2 X ogy



» Event selection: 2 opposite-sign -

leptons [f=e,u] + large MET:

¥ leptonic tau decays are
included;
» gg—H, WH, ZH, and VBF pro-

cesses contribute to the signal.

> Analysis strategy:

» three different NNs for uu, eu

and ee final states.

10

1

107

kS IlllllI'_LI.lLLI‘IIIIIl

D@ Preliminary
Runll, 4.2
H— WW — ee

I IIIIILI.| 1 IIIIIII| | IIIIIII|

e (H4+X)%10 M, =165GeV|

1
o

=2
Z =
>

channel ee eu Hu
t 40 83 12.5
Drell-Yan 109 13 3987
Ww 67 155 93
Wz 10 7 19
7z 8 0.6 15
W + jets 98 79 134
multijet 2 1 64
H (M,=165) 6 12 5
Tot bkg 334 338 4325
data 336 329 4084

F T T T T SN B B
i D@ Preliminary ||~ *
2 — o —
10 U Runll, 42" 3
c H->WW —en EDZ*”
- B i
10 — Dibosot
E = 3
E E |:|W+jets/y
1= —
E = |:|mumjt
B 7 |:|ttbar
10" =
E 3 — (H+X) x 10 M, =165
= PO (NIRRT [ TN TN T (NN TN T (NN T T N S SO | P M
04 02 0 02 04 06 08 1 1.2 1.4
NN
T TTT T T T T T T
103 —e— dat:

10

D@ Preliminary
Runll, 3.0 fb™
H-> WW - pup

H IETI] IIIIIIITI IIIIIIII| I:

For M, = 165 GeV/c?

- IIIIILI.IJ IIIIILI.IJ II[IILI.I.| IIIIIII.IJ IIIIIIII| I:

+ expected limit = 1.7 X og,
+ observed Iimit = 1.3 X og,

http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/HIGGS/H68/

M. Casarsa
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Limit combination

@ Combining is the leitmotif of Higgs searches: in order to maximize its sensitivity each
experiment combines the results from different analyses.

@ Systematics are taken intfo account in the combination and their correlations are
freated consistently.

CDF Run Il Preliminary, L=2.0-4.8 fbo™

% F ———  WH4+ZH—jjbb 2.0 1b™ Obs ——  WH+ZH—bbMET 3.6 fb™ Obs -
= 3 LEP .. WH+ZH—jibb 20" Exp  =-=== WH+ZH—bbMET 3.6 fb™! Exp
=10 " | Excl. ——  Hot20" Obs ——  WH-Ivbb431b" Obs —
g - eeea- Hotm20'Exp =0 0===-- WH-lvbb 4.3 1b™ Exp .
— ———  ZHlibb4.11b" Obs ———  HOWWIowMI 481" Obs
J B ----- ZH-lbb41tb'Exp = =000 m---- HoWW lowMll 48t Exp |
8 s —— HoWWSS481h" Obs
# -
----- H-WW SS 4.8 b Exp
\Q Py -1
o 10 2| " . ——  H->WWO0S4.8ib" Obs ]
8 2 ‘ H—WW 0S 4.8 fb™ Exp 3
Combined Obs e I
Combined Exp _.~ - ]
- Aug||.|st 17,2009 .
_III\‘\III|I\II|IIII|\III|III\|IIII|I\III\IIIIII_

100 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)
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CDF combined limit

2.0-4.8fb™

CDF Run II Preliminary, L=2.0-4.8 fb"

» Combined channels: § |_|Ep |_I|m|t o _ E)I;ze::te;
+ WH - ¢vbb 4.3 fo! E 10 ::::::::::::::::::.::::::::::::::3:::::::::::::l::__ﬂcz_E_)_cpegteﬁ:::::::::::-::::::::::::
» WH/ZH = (vbb/wbb 3601 T Fi E— :HZGE"pected ___________ g
+» /H—- ttbb 4.1 fol O Piindl e ,,,,,,,,,,,,,,,,,,,,,,,,,,,, £
» H— WW* 4.8 fo- %g ””” g ”””””””””” AT
> WH - Www* 4.8 fo! m‘mo N Y ‘
» WH+ZH — jibb 2.0 fo- 1 | SM—1
*»H- 1T 2.0 fo! S : | | |
: f 1 | | . l | Aug|‘15t17 20P9
100 110 120 130 140 150 160 170 180 190 200
mH(GeV/c )
ForM, =115 GeV/c2 For M, = 165 GeV/c?
+ expected limit = 2.5 X o, + expected limit = 1.2 X oy,
+ observed limit = 3.6 X o, + observed limit = 1.2 X o,

http://www-cdf.fhal.gov/physics/new/hdg/results/combcdf_aug09/
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DO combined limit

™S Combined Chonnels: % SM,H .............. C ......... :b t ............... ............... ................ Observed L}mlt
1 S omina 1011 TR
» WH = £vbb 50fo] = i ggs ‘Lombination 1 ...... ! EXPeCtedLImlt ......
] 1= ' D@ Prellmlnary, L= 0 9-5. O fb 7 Expected £1-0
+ WH - tvbb 0.9 fb 7 ok _AugU,St 12 2009 Expected +2 o
» WH/ZH - ttbb/qarr 4.9 for! 3 T S S —,
» ZH - vvbb 2.1 fol §
@)
» /H - ttbb 4.2 fo
+ HW —» WWW* 3.6 fb
+ H—-WW* 4.2 fo -
> Hoyy 4.2 fo! 1 = StandardMOdel"lo ____________ —_—
> HH - Hbb 51 fior :I:::i:::l:::l:::i:::I:::i:::l:::I:::i:::l::::I:::I:::I:::E::i:::I:::I:::I:::;::i:::l:::l:::l:::;::i:::I:::I:::I:::i:::I:::I:::I:::I:::i:::l:::l:::l:::l:::i:::I:::I:::I:::I:::i:::l:::l:::l:::i::
100 110 120 130 140 150 160 170 180 190 200
my, (GeV/c?)
ForM, =115 GeV/c2 For M, = 165 GeV/c?
+ expected limit = 3.1 X o, + expected limit = 1.7 X og,
+ observed limit =3.2 X o, + observed limit = 1.3 X o,

http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/HIGGS/H81/
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Spring '09 Tevatron combination

Tevatron Run Il Preliminary, L=0.9-4.2 fb"’
= S S L L R v I I I
7 I LEP Exclusion i Tevatron . |
= f Exclusion
E w=nun  Expected ‘ : i i
=10 b === Observed o T T
- OVAAAAA ﬁﬁﬁﬁﬁﬁgﬁﬁﬁﬁﬁi‘]gﬁEXPQPIQdﬁ:iﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁf N A
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T'o IR S8 8@paunwett 0 O "t’ 7777777
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1 i) SM -
T wansaom
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m,(GeV/c?)

— 2.
For M,, = 115 GeV/c* 95% C.L. exclusion of
the mass range

+ expected limit =2.4 X o, 160 < M., < 170 GeV/c2
H

+ observed limit = 2.6 X o,

http://www-cdf.fnal.gov/physics/new/hdg/results/combb_090313/
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Expected limit projections

@ CDF projections for the expected upper limit on the SM Higgs boson production
cross section at M, = 165 GeV/c*

CDF Run Il Preliminary, m;=160 GeV
A L A BN R

—— Summer 2004
7777777777777777777777777777777777777777777777777777777777777777777777777 Summer 2005
Summer 2007
January 2008

December 2008 ]
March2009 = 7 ]

August2009 = .. : scales with 1/ f L dt

? . With Improvements, - | /

Expected Limit/SM

..........................................................................................................................................

""" ‘] % -"-"-"-"""""5-"-------------------\expeCTed improvements

0 2 4 6 8 | 10 — 1I2 | 14 as estimated in Summer 2007
/ Integrated Luminosity (fb™)

analyses updates
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@ 2xCDF projections for the expected upper limit on the SM Higgs boson production

Expected limit projections

cross section at M, = 115 GeV/c?

M. Casarsa

Expected Limit/SM

0 2 4 6 8 10 12 14

2xCDF Preliminary Projection, m =115 GeV
s

""""""""""" —  Summer 2005 JE—
: | : ——  Summer 2006
——  Summer 2007

.........................................................................................

—— January 2008

‘I"‘!‘ ’__'::::::::::::::5::::::::::::::::::::::3::::::::::::::::::::::g:::::::: —— December 2008 B
WS ——  August 2009 ]
------- preneiee [T With Improvements e

| | 1 |

Integrated Luminosity/Experiment (fb™)
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Conclusions

@ CDF and D@ are pursuing an extensive direct search for a Standard Model
Higgs boson over a wide mass range which covers 100 <M, <200 GeV/c?

@ An overview of the most recent results, which analyze up to 5 fo™!, has been
presented:

3.6 X o, at 95% C.L. for M, = 115 GeV/c?
1.2 x o at95% C.L for M, = 165 GeV/c?

» CDF combined upper limits

32 x o, at95% C.L forM, =115 GeV/c?

» D@ combined upper limits
1.3 X o, at 95% C.L. for M, = 165 GeV/c?

@ A new Tevaftron combination is in progress:

» in Spring '09 combination CDF and D@ excluded at 95% C.L. a Standard
Model Higgs boson with a mass in the range 160 <M, < 170 GeV/c?

@ More interesting results fo come:
» the Tevatron collider is expected to deliver ~12 fo' by 2011;

» experiments’ sensitivity continue to improve faster than luminosity scaling.
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» Exp. signature: 1 lepton [f=e,u| + missing E; + 2 jefts.
CDF Run Il Preliminary (4.3 ib™)

» Analysis technique:

+ Central leptons, forward electrons,

isolated fracks.
+ new NN b-jet energy correction;
+ four b-tag categories (new NN
b-tag);

+ NN fo discriminate signal from bkg.

CDF Run Il Preliminary (4.3 1b™)

—e— Data
[ NonW
[ Z+jets
I diboson(WW WZ,77)
[ Single top (t<h)
[ Single top (s<h)
1 #(e.7pb)
W+cBic
N vy bb
0 W4LF
= Higgs (115GeV)x 10

350

300

250

0 01 02 03 04 05 06 0.7 08 (1.9
BNN outpul(M _115)

501~

a0l

100 150

—e— Data
[ NonW
[ Zijets
[ diboson(WW WZ,7Z)
I Single top (t-ch)
[ Single top (sch)
[ (B 7ph)
Wiotle
I b
0 w+LF
—— Higgs (115GeV)x 10

200 250
Dijet mass (NN b-jet Energy corrected) (GeV/c?)

channel Double tag

Mistag 151
W + bb 249
Z+cc/c 44
ft 141
single t 60
WW,WZ,27 23
Z +jets 15
non-W QCD 59
WH (M=115) 7

Tot bkg 742
data 726

http://www-cdf.fnal.gov/physics/new/hdg/results/whinublb_090814/WH4.3fb.html
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For M, =115 GeV/c?
+ expected limit = 4.0 X og,
+ Observed limit =5.3 X og,
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Number of Events Number of Events

Number of Events

CDF Run Il Preliminary (4.1 fb™

Double T Tag (High S/B)

|:| M,, = 120 GeVie x 25

* data B WWWZ,zZ

[0 mistags [ ] Fakes
Bz+ob [u
Oz+ee uncertainty

0.6 0.3
NN Qutput 10% Slice

1

L+JP Tag (High S/B)

|:| M,, = 120 GeVie* x 50

0.2 0.4

0.6 0.8
NN Qutput 10% Slice

o data [ WWWZ.ZZ
|:| mistags |:| Fakes
Bz+ob [t

O z+ee uncertainty

1

Single T Tag (High S/B)

|:| M,, = 120 GeVic® x 150

e data B WWWZZZ

[[] mistags [ ] Fakes
Wz+vp [u
Oz+ee uncertainty

0.6 0.3
NN Output 10% Slice

Direct SM Higgs Searches at the Teva

1

( High S/B Categories )

Source Double T Tag L+JP Tag Single T Tag
tt 70+15 81+1.9 17.3+3.6
WWwW 0.02 4 0.003 0.1£0.01 0.2£0.03
WZ 0.1+0.01 0.5+ 0.1 48407
77 27+04 34406 11.1+15

Z-+jets (bb)

16.1+=6.8 21.5£9.2 105.4 = 44.3

Z-+jets (cc) 1.8+0.7 8.0+3.3 53.7 + 22.6
Z-+Mistags 0.9+03 9.4+32 151.6 £ 22.7
fakes 0.7+0.3 1.8+0.9 22.0£11.0

ZH (120GeV/c?) 0.5+0.1 0.6+0.1 14401

Total Background

293x7.0 528+ 10.5  366.1 £55.9

Data 23 56 406
systematic uncertainty Samples affected
Tevatron Luminosity 0.05 All MC
CDF Luminosity 0.04 All MC
Z+h.f cross-section 0.40 Z+bb, Z+cc
tt cross-section 0.20 173
Diboson cross-sections 0.115 272, ZWWW
Mistag errors NN Output Shape & Acceptance Mistags
Lepton ID 0.01 All MC
B-tag scale factor 0.04 All single tag MC
0.08 All double SecVtx tag MC
0.11 All Loose + JP tag MC
Fakes 0.50 Fake ee, pu
JES NN Output Shape & Acceptance ALl MC
ISR & FSR NN Output Shape & Acceptance Signal MC
ZH cross-section 0.05 ZH MC
EM energy scale 0.015 All MC

Expected and Observed 95% CL Upper Limits for
Individual Channels @ My = 115 GeV /c?

Channel
Double Tag High S/B
L+JP Tag High S/B
Single Tag High S/B
Double Tag Low S/B
L+JP Tag Low S/B
Single Tag Low S/B

Data Background S/\/E

293+7.0 0.13
52.8£10.5 0.09
366.1 +55.9 0.09

8.7+ 17 0.04

14.3+£24 0.03
116.8 £ 17.0 0.02

Expected’]? Observed

Combined

= WIN 09

121 * 31 11.3
1598 * &% 10.6
155 T Tig 16.9
49.2 + 1898 58.2
506 * 315 71.1
416 * 3008 38.5
68 © 32 5.91

— 2.04




» Event selection: 2 leptons [f=e,u] + 2 jefts.
» Analysis technique:

Events / Bin

Events / Bin

+ looser electron and muon categories;
+ 1 tight b-tagged jet or 2 loose b-tagged jets (NN b-tagging);

b
¥ kinematic fit of the Z boson and jefts; ¢

+ BDT to discriminate signal from bkgs. b

ee channel with 2 b-tags —— data

= — ~ Z+jets
30:_ D@ Run Il Preliminary (3.1 fb') Z:HF 5102

E Il Top ) '»?\ =1 Expected Limit
25— I Diboson T “# Expected £1-6

C Multijet bl ; Expected:2:6
ok — ZH X 100 2 : '

| I

C N
15 %‘.
10 -

- E

5__. -l

‘ 1 channel Hu ee
0 01 02 0 3 04 05 0.6 07B[())T80u(t)p9ut H 16 9
1

up channel with 2 b-fags [~ data ez > 8 . E5 :
605 LTy — -zjst: 7 + bb/cc 99 68 100 105 110 115 120 125 130 135 140 r:]:s(Ge \1,)50

E Top i
so: B Dicoson 7+ jets 27 22
wb T - ;":”)g‘j‘oo multijet 2 17

- + ZH (M,=115) 0.0 0.7 For MH =115 GGV/CQ:
30 ' '

31{ Tot bkg 149 119 + expected limit = 8.0 X oy,
20

- -H+ data or e » observed limit = 9.1 X oy,
o RRRE

0 01 02 03 04 05 06 07 08 09
BDT Output

http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/HIGGS/H71/
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SR, CDF Run Il Preliminary, 3.6 B

SR, CDF Run Il Preliminary, 3.6 ib"

600

Events/0.20

500

400

300

200

15
Excl. SecVTX
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Muttijet

_+_

Diboson

Z+ht

lW + hf.
lTop

—VH (x25)

1

-0.5

0.5 1

NN Discriminant

Events/0.20

N
3]
RN RN AR R RN RN RN RN R

-2

-1.5

-1
SecVTX + SecVTX

Multijet

Diboson

~Z+ht

lW + hf.
lTop

—VH (x5)

1

NN Discriminant

CDF Run II Preliminary, 3.6 fb™!

SR, CDF Run Il Preliminary, 3.6 ik’

c =
S -
=] -
@ 70 Muttijet
E - Dib
- oason
o 60F
- Z+ht
50 :— lw +ht.
402_ lTop
- —VH (x5)
30F
20F +‘H’ +
10 +
L I —

SecVTX + JetProb

NN Discriminant

| Process | Excl. ST | ST+ST [ ST+JP |
QCD + Mistags 1593+ 63 | 55 £ 9 | 120+ 14
Single Top 73 £ 13 | 14 +£3 | 11 £ 2
Top Pair 209 £ 25 | 45 £ 7 | 42 +£5
Diboson 60 + 11 8 £ 2 7T+ 2
W-+HF. 499 +216 | 18 £10 | 33 £ 15
Z+H.F. 180 £ 77 | 18 £ 8 | 18 £ 8
Exp. Background 2476 £ 300 | 166 = 22 | 259 + 28
Observed 2397 157 233
ZH — vvbb (MH =115 GeV) 3.5 1.6 1.3
WH — (I)vbb (MH = 115 GeV) 3.1 1.4 1.2
ZH — (I1)bb (MH =115 GeV) 0.1 0.1 0.1
Exp. Signal 6.7 3.1 2.6
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OS +0jef OS + 1jet

OS + >2 jefts

CDF Run Il Preliminary

J L=481"

Standard Model

B l:l OSDJets+ 1o
|:| 0S DJets# 2o

" —— 0% 0Jsts Observed

=+ OS 0Jets Expected .

e e T S R R S B e e e e Ry

110 120 130 140 150

170

180 190 200
Higgs Mass (GeV)

CDF Run II Preliminary [ £ =48fb '

My = 165 GeV /c*

t 1.99 + 0.31
DY 128 + 30
WWw 447 + 48
Wz 197 + 27
47 299 + 4.1
Wtjets 154 + 37
Wey 112 + 19
Total Background 893 &+ 79
qqg — H 126 + 1.7
WH 0.00 + 0.00
ZH 0.00 + 0.00
VBF 0.00 + 0.00
Total Signal 126 + 1.7
Data 950

OS 0 Jets

M. Casarsa

CDF Run Il Preliminary

_[ L=4ast"

==+ 051 Jet Expected ...

l:IOS‘\Jelikr
l:IOSWJeIiZG

—— 0S 1 Jet Observed

==

>

Stangard Model

I ] T

110 120 130 140 150 160 170

CDF Run II Preliminary

180 190 200

Higgs Mass (GeV)

[L=48M""

My =165 GeV /c*

tt 184 + 7.6
DY 133 + 42
Ww 121 + 13
W2z 200 + 2.7
A 8.0 + 1.1
W4jets b9 + 15
Wey 16.2 + 3.6
Total Background 406 + 52
qgqg — H 6.4 + 1.7
WH 087 £ 011
ZH 0.339 + 0.044
VBF 0.565 + 0.090
Total Signal 8.2 + 1.7
Data 393

0OS 1 Jet
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CDF Run Il Preliminary

I L=4aaf"

=+ 0OS 2+ Jets Expected __.

I:I 08 2+ Jets+ 1o
I:I OS 2+ Jets + 20

—— OS 2+ Jets Observed

:/

At

A

Stangard Model

I 0 W R

110 120 130 140 150 160 170

180 190 200

Higgs Mass (GeV)

CDF Run II Preliminary [ £ =48fb '

My = 165 GeV /c?

tt 145 + 24
DY 51 =+ 17
WwWw 256 + 5.8
Wz 530 £+ 0.73
47 236 + 032
Wtjets 219 + 59
Wey 272 + 067
Total Background 254 + 33
gq — H 25 + 1.7
WH 1.90 + 0.25
ZH 099 + 013
VBF 1.04 + 0.17
Total Signal 64 L+ 18
Data 224

OS 2+ Jets
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CDF Run Il Preliminary JL

OS low M,

Peaves low M(ll) Expected

i D low M{l) 2

g |:| low Myt e

—— low M(Il) Observed

o
-

Higgs Mass (GeV)

CDF Run Il Preliminary [ £ =48
My =165 GeV/c*

it 0.330 + 0.052
DYy 356 + 085
Ww 109 £+ 13
Wz 0.284 + 0.041
YA 0.107 £+ 0.015
Wiets 99 + 24
Wey 559 + 6.7
Total Background 809 £ 73
qgg— [ 07 £ 012
Total Signal 0.7 = 012
Data 85

08 low M(11)

102 &

SS +>1jet

CDF Run Il Preliminary

_[ L=asih"

Standard Model

.. ==+ S8 1+ Jets Expected ..
l:l S8 1+ Jets + 1o
l:l SS 1+ Jots + 26

7T e 88 14 Jets Observed

O 0 W O W R

120 130 140 150 160

CDF Run II Preliminary

Higgs Mass (GeV)

[L=48f"

My =165 GeV /¢

tt 0.242 + 0.068
DY 267 + 81
WW 0.039 + 0.010
Wz 95 + 1.3
Y4 L98 £ 027
Wtjets M+ 10
Wy 434 + 099
Total Background 6 £ 13
WH 161 + 021
ZH 0261 £+ 0.034
Total Signal 187 + 0.24
Data 81
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@ An example of systematics for the OS + 0 jet channel:

Uncertainty Source Wjet(s) gg — H
Cross Section

Scale 7.0
PDF Model 7.7
Total 10.4
Acceptance

Scale (leptons) 2.5
Scale (jets) 4.6
PDF Model (leptons) 1.5
PDF Model (jets) 0.9
Higher-order Diagrams

Missing Et Modeling

W~ Scaling

Jet Fake Rates (Low/High S/B) 21.5/27.7

Jet Modeling

MC Run Dependence

Lepton ID Efficiencies 1.9
Trigger Efficiencies 3.3
Luminosity 5.9

M. Casarsa
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Luminosity projection curves for Run II

time since FY04

13
.,  Running through FY10 will yield FY11 start
7 fb' of data for analysis
11 +
Running through FY11 would yield
10 + - p
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> 8 //
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